This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT- 

• ILLEGIBLE TEXT 

— ■ * ■ ■ . _ . ■, . A ' • ' ( ' 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PAGE BLANK ^ 



(12) 



UK Patent Application ,»GB ,,,,2 306 047 ( „,A 



(43) Date of A Publication 23.04.1997 



(21) Application No 9618872.7 

(22) Date of Filing 10.09.1996 



(30) Priority Data 

(31) 19537543 



(32) 09.10.1995 (33) DE 



(71) Applicant(s) 

TEMIC Telefunken Microelectronic GmbH 

(Incorporated in the Federal Republic of Germany) 

Theresienstrasse 2, D-74072 Heilbronn, 
Federal Republic of Germany 

(72) Inventor(s) 

Jochen Gerner , > - 

Klaus Gillessen 
Albert Marshall 

(74) Agent and/or Address for Service 
Williams,Powell & Associates 
34 Tavistock Street, LONDON, WC2E 7PB, 
United Kingdom 



(51) INT CL 6 

H01 L 33/00 



(52) UK CL (Edition O ) 

H1K KEAA K1EA K2R3A K2S1C K2S1D K2S1E K2S2D 
K9E K9M1 K9N3K9P3 



(56) Documents Cited 
GB 2270199 A 
US 5048035 A 



EP 0420691 A2 US 5153889 A 



(58) Field of Search 

UK CL (Edition O ) H1K KEAA KEAX KELD 
INT CL 6 H01L 



(54) A light-emitting diode 

(57) In a light-emitting diode composed of indium gallium aluminium phosphide with a substrate 1, an 
electric contact 7 and a double heterostructure as active zone comprising a first coating layer 2, an active layer 
3 and a second coating layer 4, a window layer 5 applied to said second outer layer, and an electric contact 6 
applied to the window layer, the window layer consists of gallium aluminium.phosphide iThe aluminium 
content of the window layer 5 is between 0.1% and 50% and its thickness lies between 0.5 and 30u,m. 
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A Light-Emitting Diode 

The invention relates to a light-emitting diode composed of 
indium gallium aluminium phosphide ((InGaAl)P) with a 
substrate, an electric contact to the substrate and a double 
heterostructure as active zone comprising a first outer 
layer, an active layer, a second outer layer, a window layer 
applied to said second outer layer and an electric contact 
applied to said window layer. 

Light-emitting diodes (LEDs) are used i.a. for display and 
lighting purposes. They are characterised by a small size, 
compatibility with electronic systems, good robustness and 
reliability as well as a long life. In particular, light- 
emitting diodes composed of indium gallium aluminium 
phosphide ((InGaAl)P) are currently the brightest components 
of this type. They consist of an active layer with the 
composition In(0.48)Ga(0«52-x)Al(x)P, where x is selected in 
the range between 0.05 and 0.25 depending upon the desired 
colour and emission wavelength. Thus for example an Al 
content of x = 0.05 gives an orange-red emission of 
approximately 620 nm, a value of x - 0.15 gives a yellow 
emission of 590 nm and x = 0.25 gives a green emission of 
approximately 560 nm wavelength. This active layer is 
enclosed between two further layers of In (0 . 48) Ga (0 . 52- 
y)Al(y)P which have a higher Al content (y > x) and thus a 
greater band gap than the active layer. This arrangement 
consisting of three layers is known as a double 
heterostructure. When the In content is selected at 0.48, 
all three layers of the double heterostructure have the same 
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lattice constant as gallium arsenide (GaAs) and therefore 
can be epitaxially deposited upon a gallium arsenide 
substrate with good crystalline perfection. The man skilled 
in the art will also be aware that it is difficult and 
costly to produce layers of indium gallium aluminium 
phosphide (InGaAl)P with a relatively greater thickness and 
higher conductivity. For light-emitting diodes composed of 
this material this means that the current propagation from 
a, for example, circular surface contact to the entire 
cross-sectional surface of the diode is generally inadequate 
and therefore a substantial part of the light, which is 
mainly generated below the non-transparent contact, is lost. 
To reduce this loss, conventionally a further layer is 
applied above the double heterostructure , which further 
layer to the greatest possible extent is to be highly 
conductive and transparent to the generated light. 

This so-called current propagation- and window layer is 
produced from various materials in the known light-emitting 
diodes. The publication in Applied Physics Letters 61 
(1992) pp 1775-1777 describes a layer of Ga(0.2) Al(0,8) As. 
The authors of^the-^>ublication in Electronic Letters 3 0 
(1994) pp 1793-1794 use indium-tin-oxide (ITO) . EP 0 434 
23 3 describes a transparent window layer of gallium arsenide 
phosphide (GaAsP) or gallium phosphide (GaP) . EP 0 627 772 
describes a current propagation layer of gallium aluminium 
arsenide phosphide (GaAl) (AsP) which is adapted to the 
lattice constant of the underlying double heterostructure by 
means of a low phosphorus content of 0 to 8 %. Combinations 
of a plurality of different materials are also known, for 
example gallium aluminium arsenide (GaAl) As with a corrosion 
protection layer of indium gallium phosphide (InGa)P as 
proposed in EP 0 616 377. It is also known to produce this 
layer from gallium phosphide with an underlying GaAs buffer 
* layer. 
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Although these known window layers substantially increase the brightness of the 
light-emitting diodes composed of indium gallium aluminium phosphide (InGaAl)P, 
all the previously used materials have specific disadvantages: gallium aluminium 
arsenide (GaAl)As is not sufficiently transparent for yellow and green emission and 
is not moisture-proof in the case of a higher aluminium content. Indium-tin-oxide 
(ITO) leads to too high a contact resistance, and gallium phosphida (GaP) also 
exhibits a notable absorption, in particular in the green spectral range. 

Therefore the object of the present invention is to provide a material for the window 
layer which leads to an improved increase in the degree of brightness and ensures 
good environmental compatibility. 

According to the present invention, there is provided a light-emitting diode 
composed of indium gallium aluminium phosphide ((InGaAl)P) with a substrate, an 
electric contact on the substrate and a double heterostructure as active zone, 
comprising a first coating layer, an active layer, a second coating layer, a window 
layer applied to said second coating layer and an electric contact applied to said 
window layer, wherein the window layer consists of gallium aluminium phosphide 
((GaAl)P). 

An exemplary embodiment is illustrated in the Figure. The Figure shows the 
structure of a light-emitting diode with window layer. 

The double heterostructure is epitaxial ly deposited as active zone upon a substrate 1 
of gallium arsenide GaAs and the electric contact 7 to the substrate 1. This double 
heterostructure consists of a first coating or protective layer 2 of 
In(0.48)Ga(0.12)Al(0.4)P, an active layer 3 of In(0.48)Ga(0.37)Al(0.15)P, and a 
second coating or protective layer 4 of In(0.48)Ga(0.12)A 1(0.4). The window layer 
5 of Ga(0.8)Al(0.2)P is epitaxally deposited on this second coating 4. Arranged on 
the window layer 5 is a further electric contact 6 which covers only a part of the 
upper side of the window layer 5. During the operation of the light-emitting diode 
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in this example an emission at a wave length of 590 nm (yellow) is released. 
During the operation of the light-emitting diode a current flows from the contact 6 
to the contact 7 or vice versa depending upon the polarity of the diode, where 
current path from the contact 6 widens in the window layer 5 to the full cross- 
section of the diode. The polarity of the individual layers of the lighwmitting diode 
here can be: substrate 1 n-conducting, first coating 2 ^conducting, active layer 3 n- 
conducting, second coating 4 p-conducting, window layer 5 p-conducting. In the 
case of the inverse conductivity type of the aforementioned layers, the current flows 
in the reverse direction. 

Since, in accordance with the invention, the window layer 5 consists of gallium 
aluminium phosphide (GaAl)P, it possess a greater band gap than window layers 
according to the prior art and therefore absorbs less light so that the diode possesses 
a greater brightness. The aluminium content of the window layer here can range 
between 0.1 and 50%. Preferably, the thickness of the window layer is between 0.5 
and 30 pm. 
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CLAIMS 

1. A light-emitting diode composed of indium gallium aluminium phosphide 
(InGaAl)P) with a substrate, an electric contact on the substrate and a double 
heterostructure as active zone, comprising a first coating layer, an active layer, a 
second coating layer, a window layer applied to said second coating layer and an 
electric contact applied to said window layer, wherein the window layer consists of 
gallium aluminium phosphide ((GaAl)P). 

2. A light-emitting diode as claimed in Claim 1, wher ein the aluminium conten t 
of the window layer amounts to bet ween OA % and 50%. 

3. A light-emitting diode as claimed in Claim 1 or 2, wherein the thickness of 
the window layer amounts to between 0.5 and 30 fim. 

4. A light-emitting diode substantially as herein described with reference to the 
accompanying drawings. 
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